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Abstract

This bachelor’s thesis presents the project of a visualization tool to ease the debugging of
scanners and parsers created with Coco/R, by taking the textual trace output generated by
Coco/R and producing a visual representation.

The goal of this work is an easy-to-read visualization of the deterministic finite automaton and
the syntax graph, which is used to generate a recursive decent parser. The tool developed in
this thesis, uses Coco/R and JavaScript, with D3 as an additional library, to achieve this
representation of the trace file.

This document presents how to use the tool and explains how it was implemented.
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1. Introduction

An important part of software development is debugging. The search for errors often requires a
manual thinking through and tracing on paper. For this purpose, the compiler generator Coco/R
can generate trace output. This output is in textual form and so it can be hard to read, i.e.,
possible errors are harder to find, and an according graphical representation had to be drawn by

hand to ease the search. Even worse, had to be redrawn with each change to the grammar.

The goal of this project is to build a visualization of the deterministic finite automaton from which
the scanner is built, and the syntax graph from which of the recursive decent parser is built. For
this purpose, Coco/R itself is used to parse the trace files and JavaScript with the additional D3

library to display the resulting graphs in the form of an HTML file.

This thesis starts with an overview of Coco/R, a general explanation of deterministic finite
automata, syntax graphs and the D3 library. Next, it describes how to use the program, its
implementation and some problems that occurred while testing. At last, possible improvements

and additional features are discussed and a final conclusion is drawn.
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2. Background

This chapter focuses on the technologies used in this project and provides some basic overview

of them.

2.1. Coco/R

The compiler generator Coco/R creates a scanner and a recursive decent parser from an
attributed grammar that serves as a compiler specification. Coco/R checks the provided
specifications for several possible errors such as completeness, non-redundancy, derivability
and ambiguity. Coco/R also reports warnings for LL(1) conflicts or deletable symbols. However,
these warnings do not prevent the generation of a scanner and parser as the before mentioned
errors do, because the grammar is then not well-formed. LL(1) conflicts can be solved in Coco/R
with conflict resolvers, which are boolean expressions inserted into the grammar, and the ability
of the generated scanner to peek at the next tokens of the input stream. Conflict resolvers can
also make use of the information provided by sematic actions. This gives Coco/R the ability to
accept not only grammars that are LL(1), but also grammars that are LL(k) with an arbitrary k [1].
Coco/R can also generate a textual trace file which is used in this work to produce the visual
representation of the automaton and syntax graph. This file is also parsed with a “compiler” that

is generated by Coco/R to prepare the data for the graphs.

2.1.1. Attribute Grammars

Attribute grammars are defined according to Paakki with three components: a context free
grammar, a finite set of attributes and a finite set of semantic rules [2]. It was invented by Donald
Knuth [3] and Peter Wegner. The set of attributes can be divided into two groups the inherited
and the synthesized attributes where the start symbol and terminal symbols have no inherited
attributes. The original definition of Knuth allows the terminal symbols to have synthesized but
no inherited attributes. Synthesized attributes pass information up the tree, while inherited

attributes pass it down the tree.

2.1.2. Scanner

This section focuses on the scanner part of Coco/R. It passes recognized tokens to the parser.

There are five parts that make up the scanner specification, “|{GNORECASE”, “CHARACTERS”,
“TOKENS”, “PRAGMAS”, “CommentDecl” and “WhiteSpaceDecl’ [1]. The CHARACTER section
allows the user to define character sets, such as “noquote = ANY - "™.” which translates into a set

with all characters except for the quotation mark.
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Terminal symbols described in the TOKENS section come in two kinds, namely literals and
token classes. While literals are fixed and don’t have to be declared in this section, token
classes follow a structure and there is more than one representation of the same token class
such as, “string =""{noquote} ".“. Thus, there are several character sequences that would be
recognized as a string. There is also the option of a hand-written scanner if the right-hand side of
the token declaration is left empty. Pragmas are not passed to the parser. They can occur

anywhere in the input and have a semantic action associated with them.

2.1.3. Parser

The parser specification of Coco/R describes the productions of the attributed grammar and so
the syntax of the language. A production consists of a nonterminal symbol on the left-hand side
and the structure of the symbol as well as the semantic actions and attributes on the right-hand
side [1], like for example

Name<out String s>

= (s="%)

(ident (s =tval.)

| string (.s= t.val;.)

).
The parts between the round brackets and dots declare the semantic actions, the attributes are
in the angle brackets. This project was made with Java and so also uses the Java version of
Coco/R. Java only allows a single output parameter. Thus, if multiple values need to be
returned, they must be wrapped in an auxiliary object. Terminal symbols can’t have attributes in
Coco/R but the scanner returns the token values and so they must be wrapped in a nonterminal

symbol if this information needs to be accessed [1].

2.2. Deterministic Finite Automaton

The scanner of Coco/R is generated from a deterministic finite automaton built from the scanner
specification. This section tries to provide some basic information about this kind of automata. A
deterministic finite automaton is defined by a finite set of states, a finite set of input symbols, a
transition function, a start state and a set of accepting states [4]. The transition function is used
to assign to each to state and each input symbol a following state. This function needs to be
unambiguous and so each state and input pair has a single following state. For example, a string
is accepted by the automaton if it begins in the start state and ends in an accepting state after
the whole input was processed according to the transition function. The trace output of Coco/R
contains the states and transitions of the automaton, which is used to create the visualization as

is described in later chapters.
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2.3. Syntax graph

A syntax graph is a graph like diagram describing a production. A grammar is not represented by
a single diagram but instead a set of graphs, where each graph represents a production. A
syntax diagram consists of a nonterminal symbol on the left-hand side and a graph-like
representation of the right-hand side of a production. Every production in extended Backus-Naur

form (EBNF) can be turned into a syntax diagram.

2.4. D3 Library

D3 or D3.js is a JavaScript library that is licensed under the ISC license and is therefore open
source and free to use, D3 is short for data-driven documents. Mike Bostock created D3 in 2011
at Standford [5]. The version used for this project was v7.9.0. D3 is not a charting library and so
it has no functions to directly create a chart from data. Instead, to draw a chart, one needs to
create several primitives. This makes it a rather low-level toolbox but with high flexibility. It works
with web standards like “SVG” and “Canvas” and is compatible with web frameworks. The use of
web standards makes it possible to use stylesheets. D3’s main focus is on dynamic visualization

and the efficient processing of changes to the data set.

3. Usage

In the last chapters the background of the used D3 library and of Coco\R was explained. Now

the focus lies on the usage of the program and how to set it up.

3.1. Setup

To get the necessary trace files from Coco\R, one has to include a specific command at the
beginning of the “atg” files. To generate the complete trace file necessary for our visualization,
one needs to include $AGS in the “atg” file. “$A” stands for the automaton and would generate
only the trace output needed for the automaton, “$G” stands for the syntax graph and would
generate trace output for it. Possible combinations would be “$AG” to display the automaton and
the syntax graph without the symbol table whereby the syntax graph would be missing the
associated nonterminal symbols. “$A” and “$G” would work separately. “$S” would only write the
symbol table to the trace file and therefore it would cause an error, in our visualization as there

would be nothing it could display to the user. “$AS” would lead to the automaton being drawn.
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It is recommended that the symbol table is always included if the syntax graph should be
displayed as the nonterminal symbols that are needed to label the productions of the syntax
graph are stored in the symbol table. There are other options for the trace file of Coco/R.
These are currently not considered and therefore would cause an error as the trace file would

not follow the needed structure.

The visualizer is provided as a jar file. To use it, one needs to type the following command into
the console “java -jar Visualizer.jar trace.txt”. As input, it only takes the trace.txt files that are
created using Coco\R with the above explained additions to the attributed grammar. The
trace.txt file needs to be in the same folder as the jar file. This creates a visualizer.html file in the

folder of the jar file.

3.2. Interface

This section focuses on how the different parts of the automaton and the syntax graph are
displayed and what specific styles mean. Beginning with the automaton, there are three distinct
types of nodes. The first type of nodes represents an ordinary state, as the node with the
number 13 in Figure 1. The start state is also shown in this way with the number 0. The second
type of nodes represents an acceptance state, such as the node with the number 15 in Figure 1.
The last node type one can see in Figure 1 is the node 16. It stands for a distant node which was
duplicated to improve readability. Such nodes are called grey nodes in the rest of the paper.

They have no circle around them and are drawn with light grey colour.

Figure 1: the different types of nodes

The arrows in the diagram are all labelled, where the label is always directly to the left of the
target node, with two exceptions as is displayed in Figure 2. The first exception is an arrow
pointing to the same node from which it starts, like the arrows at nodes with the number 9 and
12 in Figure 2. Here, the label is right above the arrow. The second exception are straight
horizontal arrows. Here the label is in the middle between the start and target node. There are
also bold printed labels, like for example “floatLit” in Figure 2. They represent the recognized

token of the acceptance state and are always located to the right diagonally below the node.
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Figure 2: links and labels in the automaton

Below the automaton there is the character class table and it is displayed as a simple list with a
box around it, where some more complex labels can be looked up.

The syntax graph consists of several smaller diagrams. These are made with nodes and links as
can be seen in Figure 3. A node is displayed as a text that describes its type. Depending on the
type, there is a name below the node as it is with “t” and “nt”. There are also the types “alt”, “opt”
and “iter” where the down link is straight below the source node. If there is no down link there is
a symbol drawn to emphasize this, like under the left-most node opt in Figure 3. The contents of
options, iterations and alternatives are drawn diagonally to the right below the source node.

L] ” ” i

Nodes of the types “rslv”, “sem”, “any” “sync” and “eps” have only their type displayed.

As one can see in Figure 3 there are two types of links in the diagrams. A horizontal continuous
line connects the source node with the next node, while the dashed lines symbolize the return

after an option, iteration or alternative.

CompilationUmi

1 nt (YL nt nt |
"package" Qualident " ImportDeciarat TypeDeclaratio

Figure 3: syntax graph nodes and links

Each diagram has a checkbox in its left upper corner to toggle its display. If a symbol table was
in the trace file, the diagrams have the left-hand nonterminal symbol of each production written

next to the checkboxes.
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3.2.1. Menu

The menu consists of three buttons. The first button (Show/Hide Automaton) toggles the display
of the automaton. The second button (Show/Hide Syntaxgraph) does the same for the syntax
graph. The last button (Show/Hide backward edges) shows or hides the dashed backward
edges of the syntax graph. The buttons are only shown if the trace file includes the necessary
part for the automaton respectively the syntax graph. Below the buttons, there is a checkbox for

each production to select if the syntax graph of this production should be displayed.

The checkboxes of the syntax graph have a name shown besides them, this name is only visible
if the trace file includes a symbol table, as the program takes the names from there. If the trace
file has no symbol table the visualizer displays the unlabelled checkboxes with each diagram,
this is why it is recommended to always include the symbol table with the syntax graph. Each
checkbox stands in the left upper corner of its according “viewbox” and is used to show or hide
the diagram as is shown in the figure four. It should also be noted that if one tries to print the

HTML file out it only prints out the currently visible parts of the file.

| Show Automaton H Hide Syntaxgraph | | Hide backward edges ‘
[Jeps

[ CompalationUni

Qualident

[ ImportDeclarat

Figure 4: Menu and checkboxes
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4. Implementation

After the usage was explained in the previous chapter, this chapter now focuses on the technical
aspects of the thesis. It explains how the program works and discusses some changes that were
made on Coco/R so the output could be correctly traced.

The method “createHtml()” takes the data collected with the semantic actions, converts it into
JSON format and passes it to the D3 script, so the HTML file can be created.

The following subchapters explain how the different parts of the project were implemented.

The first topic is the attributed grammar that was used to trace the trace files and the
corresponding changes that were made to Coco/R. Second is the drawing of the automaton and

syntax graph, how the nodes are placed, and how connections are drawn.

4.1. Parsing Traces

In this Section we take a closer look at the most important productions of the attributed grammar
that was used. As the input text not always consists of states, graph nodes and the symbol table
there is a need to make each part work independently. This is simply achieved my making the
different components optional in the grammar. But to display anything the text needs to at least
contain either the automaton or the syntax graph. If the trace file does not include either it
causes an error. The automaton and the syntax graph each have a unique header so the

differentiation between them is easy.

The automaton production of the grammar consists of one or more states and character classes

where one “CharClass” describes a single line of the character class table.

State<out State s> (. Transition t; .)

= (. s = new State(); .)
["E(" Sym<out s.recognized> ")"]
Number<out s.nr>

uun

{ Transition<out t> (. s.transitions.add(t);.)

}

A state starts with an optional recognized token (if it is a finial state), followed by the number of

the state and any number of transitions. The “Sym”is especially important as there was a need
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to change Coco/R here, because the characters backslash and apostrophe were originally
printed out in ASCII code.

To parse these characters additional if clauses were added to the DFA class in Coco/R so
additional backslashes are added before these symbols are printed out. The “Sym” production
can recognize these now. The exact changes to the Coco/R source code are discussed later in

the testing chapter. The “Sym” production is now as follows:

Sym<out String s>

= (s=")

(ident ( s=tval:.)

"\ (s =)
MWW s =W
| charCon (s=tval.)

| string (s=tval.)

| "#" ident (s="#"+tval.)

The previously mentioned cases are handled extra here. The recognized symbol is now stored
in the state as a variable, and the transitions, where each consist of a “Sym”and a number, are

stored in a list. The separate states are stored in an array.

The next part is the syntax graph which simply is made of one or more nodes, where each node
has a number, a type, a line number as well as possibly more fields depending on the type of the
node. There were two problems here as some “t” type nodes had a position and so the grammar
couldn’t differentiate between the “pos” value and the line number. To fix this a change in the
“Tab” class was needed where so each “t” type prints zero as a standard value for the “pos”. The
second problem with parsing the syntax graph was that some names were too long for the table
and therefore were cut off which resulted in a not closed apostrophe that caused an error in the
program. The solution to this problem was to change the maximal length of the name field and to
add additional padding in the empty name field so the table stays rightly formatted.

The symbol table production consists of one or more “Symbol” and the “Literal Tokens” which

are not used in this program. A symbol is defined as follows:
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Symbol<out Symbolte s> (.s = new Symbolte();.)

Number<out s.nr>
( Name<out s.name>
| "P??" (.s.name = tval:.)
| "Literal" (.s.name = "Literal";.)
)
( "t"ident (.s.type = "t";s.hasAt = t.val;.)
| “nt"ident  (.s.type = "nt";s.hasAt = t.val;.)
Start<out s.graph> ident  (.s.del = t.val;.)
)

Line<out s.line> ident (.s.tokenKind = t.val;.)

As one can see “???” and “Literal” need to be treated separately so they don’t cause an error.
The start value, which is given here with the “s.graph”, is later used in the syntax graph to display
the token with the corresponding diagram.

The “Visualizer.atg” also includes a print helper method which prints the parsed text into the

console for debugging purposes.

4.2. Automaton

With the source file now parsed, the data can now be used to draw the automaton. This chapter

describes how the positions of the nodes and their corresponding links are calculated.

4.2.1. Calculating Node Positions

To calculate the positions of the automaton nodes, at first a table of all links between the nodes
is created, using the transitions stored when parsing the trace file. Then starting from the root
node each branch is traced recursively. The nodes are placed within a grid system and with a
boolean as a break condition, we can ensure that already drawn nodes don’t cause errors as the
back pointing links would. These arrows lead to other difficulties we address in a later chapter in
more detail.

The nodes where a symbol was recognized and which are therefore possible end states are
marked by a double circle and the recognized token is printed in bold letters beside the node for

readability and to avoid confusion with regular labels.
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Figure 5: automaton nodes and links

As one can see in the Figure 5 each link is labelled, where the corresponding label is always
drawn directly to the left of the target node. Except for self-pointing arrows where the label is
positioned right above the node. Some labels denote character sets, which can be looked up in
the character table. Some numbers in Figure 5 are a lighter grey and without a circle or label.
These represent more distant nodes. Why and how those are drawn the way they are is

described in the next chapter.

The links are drawn by adding a path object to the “svg", this path has an attribute “d” which
defines the coordinates the path has to take. There are different styles of arrows like the link
between node 6 and 7 or the arrows that are pointing at their source node. These are
differentiated by the relative position of the target node to the source of the link. All links in the

automaton have also an arrowhead attached to them, which was defined beforehand.

4.2.2. Back Pointing Arrows

By using the grid in which the nodes were placed, links between nodes that are more than one
standard length apart and are pointing to already drawn nodes, are redirected to new grey
nodes. These as one can see in Figure 6 are drawn right next to the source node or above it.
This is done to improve readability of the automaton and make it less confusing to the user. As
the check for these links is made after the initial calculation of the positions of the nodes, it can
be tested if the space, for the grey nodes is occupied. If necessary, the automaton is rearranged

to make space for the new nodes.
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45 4 9 16
digit
T L,IT T E.e D,F,d,fT

intLit intLit

hexDigit

Figure 6: grey nodes for distant nodes

The rearranging of the automaton can significantly bloat the size of the diagram, for example if
there are multiple nodes, with arrows targeting distant nodes, as can be seen in Figure 7. The
parts below the source node of the grey nodes are moved lower. Back pointing arrows that
target near nodes are drawn as arcs and always point at the bottom of the node. The grey nodes
are saved as an extra node with the id of the original node followed by an underline and a
number. If there is already a copy of this node the number is simply incremented. To differentiate
if the automaton was already rearranged to fit the new nodes the source node of the links of the
grey nodes has a boolean. By checking first the right-hand side, then above the node and
working through the graph from left to right it is ensured that the nodes do not overlap. The
automaton is rearranged by moving the source node of the links to the grey nodes and all nodes

to the right of it or below the source node down, as can be seen in Figure 7.

stringChar

e

33 27
o A

A
it
octalDigit ;stringChq
»{ 51 > 26
/

Figure 7: rearranged automaton

4.2.3. Character Classes Table

The character class table prepared by removing unnecessary apostrophes from the set names,

which are not enclosing a special character.
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Small sets that could be directly displayed as a label with the link are removed from the table,

with the “changeSmallSets” method and the corresponding links are changed.

This is achieved by filtering the character classes for sets, as these start with a hashtag and then
those are saved in a map. The sets with a text length longer than a certain cut off value are then
deleted from this map. This map is then used to remove the small sets from the character table

and to change the labels of the links.

The character class table itself is drawn by first calculating the size of the text so that an
enclosing box can be drawn around it as shown in Figure 8. This is done by first creating a
temporal text with the lines of the character classes and so one can take the maximal length of
the text box. The created textbox is hidden and after the text length has been calculated it is
removed from the “svg”. The height of the box is calculated with the number of lines multiplied by
a constant. The character class table itself is drawn by adding several text elements to a “svg”

below the automaton.

---------- character classes ————--
letter A 7' 'a z

digit- 0..9

cro13

If: 10

tab: 9

stingCh: 0.9 1112 14..'1"'# '['1'..65535
charCh: 0.9 111214 '&""("..T' 'T..65535
printable: "'~

hex:0.9a.f

#AC09A L 'az

#B8:-'0.9A. 72" 'a .z

#CW'0.9AL 'ar
#OU0TAZ 'az

Figure 8: character class table

4.3. Syntax Graph

With the automaton explained now this chapter focuses on the syntax graph and how the
various parts of it are drawn. Something that must be noted here is that the symbol table is an
optional part of the trace file, so the program should also be able to display a syntax graph
without it. The readability of the syntax graph without the symbol table is considerably worse as

the different diagrams are not labelled.
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4.3.1. Assigning the Production containers

As the syntax graph should be displayed even if the symbol table is not part of the trace file,
there is a need to identify the different productions. The syntax graph is made of nodes that are

linked with each other. The only exception is the epsilon node.

The start node of each production has no link that targets it, and so by filtering the nodes for this
feature the beginning of each production can be found even without the symbol table.

With this the number of productions is known, and each node has its production number saved.

This is achieved by iterating over the nodes and by adding the target number of their links to a
set. The nodes that are missing in the set are now the start nodes of the productions. The node

zero is again an exception as zero also declares a not existing link in the processed data.

4.3.2. Calculating Node Positions

For each smaller syntax diagram the program creates a separate “viewbox”, where the diagram
is drawn. The set of start nodes is determined as explained in the last subchapter. To calculate
the positions of the nodes there is a recursive function that takes a node saves its position and
then calls itself with the next nodes. Since all nodes connected have the same production
number, this makes the drawing later easier. The next drawn node is determined by first
checking the type of the root node to see if there are “subcode”, or “downvalue” nodes. As one

can see in the Figure 9 the nodes are drawn in a grid system.

To ensure that there is enough space for the various parts there is a fixed sequence, in which
the nodes are drawn, where each node is processed recursively. So, after the type was checked
it starts with the subcode node, if it exists, like with the node “throws” in the Figure 9. Second is
the “downvalue” node as one can see in Figure 9. If there is no such node there is a symbol
drawn to illustrate that, like under the “opt” node in the image. These are drawn below the
subcode part, so the nodes do not overlap. This method of placing entire parts below or next to

each other inflates the graph but improves readability enormously.

At last, the next node in the diagram is drawn on the same level, but as the previous sub node
positions are already known, the next node is placed with enough distance between it and the
last node. So, its sub nodes don’t overlap with others, as one can see in the Figure 9 with “opt”

and “alt”.
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Figure 9: Syntax graph node positions

As for labelling, the main label of the nodes is their type, consisting of the different choices of “t”,

13 ” L] ”

wt”, “nt”, “sem”,

” ” U]

rslv”, “any”, “sync”, “alt

” LTS

, “opt”, “iter” and the special case of “eps” which is for

the empty string. Whereas the token types (t, wt, nt) have a name and a next node, “sem”, “rslv”,
“any”, “sync” only use the next node. The node types “alt’, “opt” and “iter” are more interesting as
these can have “subcode” and “downvalue” nodes. As one can see in Figure 9 there are some
dashed lines, indicating the return after an option, alternative or iteration. The links between the
nodes are also saved in an array and have a production number assigned so that they can be

later filtered and easier processed.

After calculating the positions of the nodes, the actual drawing of the nodes is handled by the
“fillSyntaxgraph” method. As the start nodes are known, the number of diagrams is also known.
This method iterates over the number of productions and creates for each of it a div object as a
container for the “svg” and the checkbox. The graph is then created by adding text and path
elements to the “svg” just like it was done with the automaton, with just some changes how the
paths are styled. These “divs” are saved in another container. The sizes of the “viewboxes” are

calculated beforehand with the positions.

4.3.3. Symbol Table and Selection

The syntax graphs have a non-terminal symbol attached to them, which is taken from the symbol
table. As the symbol table is not necessary to run the program, there is a check at the start if it is

present to ensure that the program is still functioning without a symbol table.
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Without a symbol table the diagrams are displayed without a nonterminal attached to them and
are sorted by the number of the start node. With a symbol table, the diagrams have a
nonterminal assigned to them by using the “graph” value from the symbols.

The “div” that have the “viewbox” attached to them also contain a checkbox to toggle diagrams if
the diagrams are displayed. With a symbol table, the checkboxes have the corresponding
nonterminal standing next to it and are sorted by these nonterminal names. The “literal tokens”

that are included with symbol table in the trace file are not used in the visualization.

4.4. Testing

This chapter focuses on the testing done to ensure the functionality and correctness of the
program. For the tests, existing attributed grammars were used, but also some synthetic
examples were created for this purpose. While testing for the parsing part of the program some

changes to Coco\R were deemed necessary to successfully parse the traces.

The main testing was done with the attributed grammars from the Coco/R website [6], but also
more specially created examples were used for edge case testing and to ensure a greater

coverage of possible errors.

A necessary change to the Coco source files was in the generation of the automaton as there
were some nonprintable characters, more specifically backslash and apostrophe, that would
lead to a failed parsing of the trace file, as they were written as numbers. To fix this two
additional if clauses were added in the “DFA.java” file in the Coco source code. These clauses
were added in the “private String Ch(char ch)” method of the “DFA” class (line 421) these

clauses are as follows:

if(ch =="\") return "\\\"";
if(ch == "\\') return "\\\\":

Additional backslashes before the characters were added in the trace file, so they can be later
recognized. This has the downside that this could be confusing if one does not know and only
reads the trace file. At first a at sign (@) was added before the characters, to signal a
nonprintable character, but this led to other problems, so this approach had to be discarded.
While testing the parsing of more complex trace files the first major point for the syntax graph
was that originally only some nodes of the “t” types had a position value in the table. Following

this in the “Tab.java” file there was a change to the “PrintNodes()” method.
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In the switch statement the last empty space in the “trace.Write” of the “Node.t” case (line 519)
was replaced by a zero to give the “t” type nodes a standard value for their position.
Another problem was that some names of tokens were too long, so the closing quotation mark
was cut off. To fix this some changes to the “Tab” class were made. The return of the method
“Name(String name)” was changed to:

return (name + " ").substring(0, 14);
The return string is now 14 characters long. Also in the for loop of the method “PrintNodes()” the

values of the “trace.Write” was changed to 14, as one can see below.

if (p.sym != null) {
trace.Write(Name(p.sym.name), 14);
trace.Write(" ");

}else if (p.typ == Node.clas) {
CharClass c = (CharClass)classes.get(p.val);
trace.Write(Name(c.name), 14);

trace. Write("");

To keep the table correctly formatted there were also two additional dashes to the dashed lines

and two empty spaces between name and next added in the header.
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5. Limitations and Future Work

The project is in a working state and was tested with several existing attributed grammars and
synthetic examples. In the current state of the project there are some things that could be

improved. Also, additional features that were omitted for time reasons could be added.

One possible feature is a separate option to print the automaton and the syntax graph on paper.
A simple version of this was already started but later discarded as there was not enough time to
finish it to a satisfying level. Another would be to highlight a path taken along the graph or to link
the nonterminal symbols with their corresponding diagram which would make it easier to

navigate in big projects.

Another point that could be improved is the selection of the syntax graph diagrams. Currently the
selection is implemented as simple checkboxes. To improve this one could make a separate
dropdown menu where each diagram can be selected and only the selected diagram would be

displayed. This would make the whole graph clearer to read and better to print on paper.
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6. Conclusion

The project presented in this thesis displays the automaton and syntax graph in an easier to
read way. This makes the debugging of these data structures a bit simpler, as there is no need

to draw them by hand anymore and so changes and their consequences can be seen quicker.

The used D3 technology is a powerful toolbox and provides a wide range of tools to the user. Its
main focus lies with user interaction and changing data sets, so maybe a simpler tool than D3
would have led to the same result, as most functions of D3 were unused. For example, the use
of the build in graphics tools in Java would make the use of an external library obsolete and

probably would have been sufficient to create the static charts displayed by this program.

There are also features that were planned to be included in the project such a print function to
create an easy way to bring the automaton and syntax graph to paper. This feature was omitted
due to time reason.

Also, the planned selection menu is currently implemented in a rather crude way with the
checkboxes. Instead, a selection menu would have made a nice addition but would make the

inclusion of the symbol table a necessity as the data needed, is provided with it.
In conclusion, the user interface of the project could be improved, but the program successfully

transforms the textual input of the trace files into a graphical representation of the automaton

and the syntax graph.
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